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The plasmid pMB9 is a Col El derivative and carries re¬ 
sistance to tetracycline. This plasmid was used in the iso¬ 
lation of seventeen mutants which have been characterized as 
temperature-sensitive and resistant to tetracycline. These 
mutants were obtained through in_ vitro mutagenesis of pMB9 
which was returned to an E_. coli host by genetic transforma¬ 
tion so that the temperature-sensitive characteristics could 
be observed. The cells were transformed at a frequency of 
-6 
io . 
The plasmid appears to remain relatively stable within 
the host cell. But covalently closed circular DNA could not 
be isolated. It is difficult to speculate why problems were 
encountered in isolating CCC DNA. Further studies need to be 
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The Watson-Crick model for DNA has been fundamental in 
the development of mutagenesis theories. Mechanisms of muta¬ 
genesis include: (l) modification of the structure of DNA or 
a component hase of DNA; (2) substitution of one base for a 
different base; (3) deletion or addition of one base in one 
DNA strand; (4) deletion or addition of one or more base 
pairs in both strands of DNA: and (5) inversion of a se¬ 
quence of nucleotide base pairs within the DNA molecules. 
All such changes result in different informational content of 
DNA, which is transmitted through a replication to cell pro¬ 
geny or by transcription to mRNA. Mutations may occur spon¬ 
taneously. The frequency of spontaneous mutation is general- 
_7 -12 
ly low with a probability of 10 to 10 per organism 
(Joklik and Smith, 1972). Mutation frequencies can be in¬ 
creased by the use of chemical agents which act directly on 
the DNA. 
In this study, in_ vitro mutagenesis of plasmid DNA fol¬ 
lowed by genetic transformation into Escherichia coli was em¬ 
ployed to obtain temperature-sensitive mutants that are de¬ 
fective in plasmid replication. These mutants are character¬ 
ized by cells that remain functional at a low temperature of 
32 C but not at a higher temperature of h2 C. Mutants of this 
1 
2 
nature provide a useful probe for studies on the replication 
of DNA. 
One of the major difficulties encountered in the isola¬ 
tion of temperature-sensitive plasmid mutants defective in DNA 
replication is the existence of multicopies of plasmids within 
the cell (Hashimoto and Sekiguichi, 1976). This multicopy ex¬ 
istence can allow masking of mutagenized plasmids by those 
that are non-mutagenized. Therefore, our approach was to u- 
tilize a technique wherein the plasmid was subjected to in_ vi¬ 
tro mutagenesis (Hashimoto and Sekiguichi, 1976) followed by 
transformation. This procedure should yield mutagenized plas¬ 
mid clones in the same cell. The plasmid chosen for this 
study was pMB9 (D. Vapnek, personal communication), a deriva¬ 
tive of Col El, which exists in E. coli in multicopies. 
The advantageous features of this plasmid is that it can be 
amplified to yield tremendously large (quantities of plasmid DNA 
(Clewell, 1972; Clewell and Helinski, 1972) and contains a 
gene specifying resistance to tetracycline. Therefore, 
pMB9 plasmid DNA was subjected to in_ vitro mutagenesis fol¬ 
lowed by genetic transformation and the temperature sensitive 
characteristics observed. 
Presumably, by scoring for transformed cells that can 
grow in the presence of tetracycline, one can detect the pres¬ 
ence of the plasmid. Further, if these transformed tetracy¬ 
cline resistant isolates fail to grow at 42 C, and grow at 
32 C in the presence of tetracycline, then it is assumed that 
3 
they (l) have lost the plasmid due to a replicational defect 
at the higher temperature or (2) the tetracycline gene is in¬ 
activated at the higher temperature. In this study, we are in 
terested in mutants of the first type. 
This report presents findings on the isolation of temper¬ 
ature-sensitive mutants of pMB9 hy i_n vitro mutagenesis and ge 
netic transformation. 
CHAPTER II 
REVIEW OF LITERATURE 
Genetic transformation is a phenomena wherein cells take 
up exogenous DNA from the surrounding medium and undergo "re¬ 
combination" with the recipient genome. Since its discovery 
in Pneumococcus (Avery et al., 19*+*+) , genetic transformation 
has been reported among several other bacterial species such 
as Hemophilus influenza (Alexander and Leidy, 1951) and Ba¬ 
cillus subtilis (Spizizen, 1958). However, attempts to ob¬ 
serve transformation in E. coli, especially its K 12 strain, 
had been unsuccessful. 
The use of 0X17*+ (Guthrie and Sinsheimer, 1963) and X 
(Young and Sinsheimer, 1967 ) for transfecting E_. coli 
spheroplasts had been very successful. Transfection of in¬ 
tact E. coli cells with lambda DNA had been widely studied by 
the "helper phage" essay of Kaiser and Hogness (i960). In 
these experiments, the survival of the transfected cells was 
not essential. 
In 1967, Mandel demonstrated that changes in the cell 
wall permeability occurred in E. coli (strain C600) when made 
competent by infection with helper phage. Mandel and Higa 
(1970), interested in the effects of both monovalent and diva¬ 
lent ions of E. coli cell wall permeability and its correla¬ 
tion with DNA uptake, failed to show transformation of E_. coli 
k 
5 
but developed an efficient transfection system. They showed 
that E_^_ coli cells treated with calcium chloride can take up 
phage lambda DRA and can produce viable phage particles. 
Cohen et al. (1972) demonstrated that treatment of E.. 
coli cells with calcium chloride also renders these cells ca¬ 
pable of taking up molecules of purified R factor DRA. The R 
factor DRA can persist in such cells as independently replica¬ 
ting plasmid and can express both the fertility and antibiotic 
resistance function of the parent R factor. Amplification of 
this transformation procedure for effective introduction of 
plasmid DRA at high frequency has been developed by Lederberg 
and Cohen (197*0 and Hashimoto and Sekiguichi (1976). 
Since bacteria that have been transformed with plasmid 
DRA contain autonomously replicating extrachromosomal DRA 
species having the genetic and molecular characteristics of 
the parent plasmid, transformation has enabled the selective 
cloning and amplification of particular plasmid genes. Trans¬ 
formation of E_. coli by plasmid DRA, unlike chromosomal DRA 
(Cosloy and Oishi, 1973; Wackernagel, 1973; Oishi and Cosloy, 
1972) does not require a recipient strain deficient in the 
recBC nuclease. Therefore, this enables the introduction of 
nonconjugative plasmids into various E. c-o 1 i host in the ab¬ 
sence of transducing phage or conjugative plasmids (Guerry et 
al., 197^; van Embden and Cohen, 1973). The colicinogenic 
factor El (Col El) is an example of a plasmid which is noncon- 
jugative (Guerry et al., 197*0» can be amplified (Clewell and 
6 
Helinski, 1972; Clewell, 1972) and selective for cloning (Arm¬ 
strong et al., 1977; Hershfield et al., 197M• This type of 
plasmid is an excellent example that is suitable for recombi¬ 
nant research. 
The F factor and the related plasmids of E_. coli K 12 can 
replicate autonomously as an independent replicon as does the 
host chromosome. One approach to the problems of chromosome 
replication and cell division in bacteria is to study the 
mechanisms of replication and segregation of smaller replicon 
plasmid DNA in host bacteria. Temperature-sensitive mutants 
provide an excellent tool to reveal new features of replica¬ 
tion mechanisms. Mutants with temperature-sensitive lesions 
in DNA replication have been described for a variety of micro¬ 
organisms. In 15. coli., many temperature-sensitive mutants 
defective in chromosomal replication (Bonhoeffer and Schaller, 
19Ô5; Fangman and Novick, 1968; Beyersman et al., 1971) as 
well as mutants defective in plasmid replication (Koyama and 
Yura, 1975; Koyama et al., 1975; Hashimoto and Sekiguichi, 
1976) have been isolated. 
The experiments in this report were performed using a 
derivative of Col El, pMB93 in order to obtain plasmid repli¬ 
cation defective mutants that are also temperature-sensitive. 
CHAPTER III 
MATERIALS AND METHODS 
Materials 
Bacterial Strains 
The "bacterial strains used in this report were a plasmid 
negative E. coli CÔOO strain, RS 63, that requires thymine, 
leucine, Vitamin B , and threonine (obtained from Bruce Kline 
1 
as CR 34 F-) and RS 85 harboring the plasmid pMB9, which car¬ 
ries resistance to tetracycline. This plasmid has a molecular 
6 
weight of 3.6 x 10 (D. Vapnek, personal communication). 
Media 
The complex medium used in these studies was Luria-broth, 
L-broth (Lederberg and Cohen, 1974) , containing 10 g of tryp- 
tone, 5*0 g of yeast extract, 5*0 g of NaCl and 1.0 g dextrose. 
The following selective media were used: a minimal salts 
solution (2X) containing 10 g of NH Cl, 2.0 g of NH NO , 4.0 g 
4 4 3 
of Na SO anhydrous, 18 g of K HP0 anhydrous, 0.8 ml of 1.0 M 
2 4 2 4 - • 
MgSO . The minimal salts media is diluted to IX and supple- 
'4 
mented with appropriate nutritional requirements. Another se¬ 
lective medium employed was M9 media (C.W. Clark, personal 
communication). This media contains 7-0 g of Na HP0 , 3.0 g 
■ 2 4 
, 0.5 g of NaCl, 0.02 g of CaCl , 1.0 g of NH Cl and 
Of 2‘'}£A -V-4 
of KH P0 
2 4 
8 
0.2 g of MgSO which is brought up to 1.0 L and adjusted to pH 
4 
Penassay (PA) agar plates, consisting of 25-5 g of Pen- 
assay bass agar and 8.0 g of NaCl in 1.0 L of distilled water, 
were used as selective plates for transformed cells. Twenty 
/lg/ml of tetracycline was added to each plate. 
Methods 
Preparation of Donor DNA 
Day 1 - Amplification of pMB9 DNA. 
Ten ml of an overnight culture of RS 85 in minimal salts 
was added to 1.0 L of fresh supplemented minimal salts solu¬ 
tion containing 2Q/cc&/ml of tetracycline. When an O.D. 
620nm 
of 0.2 was reached, 200/^vg/ml of chloramphenicol was added to 
the cells and the culture was allowed to shake overnight. 
Day 2 - Preparation of cleared lysate. 
The chloramphenicol treated cells were centrifuged at 
10,000 rpm for 15 min and then washed twice with a buffer solu 
tion containing 0.1 M NaCl, 0.01 EDTA, 0.01 M Tris, 3% sucrose 
pH 8. The pellet was resuspended in 6.7 ml of 20% sucrose in 
0.01 M Tris, pH 8. A freshly prepared lysozyme mixture of 
1.3^ ml of a 5 mg/ml solution dissolved in TES (0.03 M Tris, 
0.005 M Na EDTA, 0.05 M NaCl, pH 8) was added at 25 C. Five 
2 
min later at 25 C, 2.6 ml of 0.25 M EDTA is added. After an¬ 
other 5 min, 1.3^ ml of Pronase (predigested at 37 C for 30 
9 
min) is added at 25 C. The pronase is dissolved in TES at a 
stock concentration of 5 mg/ml. An equal volume (12.4) of ly¬ 
tic mix is added five minutes later at 25 C. The lytic mix 
consists of 46.9 ml of 1% Triton, 20.1 ml of 1.0 M Tris (pH 
8) and 83.7 ml of 0.25 M EDTA (pH 8). The cells were lyzed 
overnight at 0 C or ice bath temperatures. The lytic mixture 
is centrifuged at 20,000 rpm for 20 min. The supernatant 
(cleared lysate) was put into dialysis bags and concentrated 
by covering the dialysis bags with polyethylene glycol at 
4 C. Polyethylene glycol is added repeatedly until the clear¬ 
ed lysate is concentrated two-fold. 
Day 3 - Cesium chloride-ethidium bromide centrifugation. 
The density of cesium chloride solution was determined 
by measuring the refractive index. Assuming a sample density 
of 1.02, the density of the gradient is adjusted to an aver¬ 
aged density of 1.54 by pipetting a pre-determined amount of 
cesium chloride plus sample into the centrifuge tubes. Two 
tenths ml of 20 mg/ml stock of ethidium bromide is added to 
the sample-cesium chloride mixture. This mixture is mixed 
well by inversion. Mineral oil is added until the tube is com 
pletely filled to keep the tube from collasping. This mixture 
is spun in a SW 42.1 rotor in a Beckman ultracentrifuge for 36 
hr at 42 K, maintained at 20 C. 
10 
Day U - Dialysis of plasmid DNA. 
After 36 hr of spinning, the chromosomal and plasmid 
"bands were removed individually with a plastic syringe. The 
ethidium "bromide was extracted from the sample by isopropanol 
precipitation. The plasmid was dialyzed against TEN buffer 
(Hashimoto and Sekiguichi, 1976) at 4 C. 
Mutagenesis of Plasmid DNA 
One ml of plasmid DNA was incubated with the following 
mutagens: 50,ttg/ml of NG dissolved in 1.0 ml of mutagenesis 
buffer for 20 hr, 0.4 M HA dissolved in 1.0 ml of mutagenesis 
buffer for 30 hr, and 8 0 A of EMS for 30 hr. After the incuba 
tion times, the DNA was dialyzed with TEN buffer for 4 hr at 
4 C. 
Preparation of Recipient Cells 
The F strain, RS 63, was grown to an O.D. of 0.6 
620nm 
in L-broth. This mixture was centrifuted for 10 min and re¬ 
suspended in 50 ml of 0.1 M MgCl , followed by centrifugation 
2 
for 10 min and resuspension in 25 nil of 0.1 M CaCl . The re- 
2 
suiting suspension was left at 0 C for 20 min, centrifuged for 
10 min. and resuspended in 2.5 ml of 0.1 M CaCT (Lederberg 
2 
and Cohen, 1974). 
Trans format ion 
One tenth ml of mutagenized plasmid was added to 0.2 ml 
11 
of CaCl treated cells. This mixture was left at 0 C for 60 
2 
min. After 1.0 hr, this solution was heat pulsed for 3 min at 
42 C followed by aeration at 3T C for 3 hr (Hashimoto and Seki- 
guichi, 1976). 
Isolation of Mutants 
After three hours, DNA-cell mixture was plated on Penas- 
say agar plates containing 20^cg/ml of tetracycline. These 
plates were incubated at 32 C for 36 hr. Colonies were picked 
and grown up in 2 ml of L-broth at 32 C for 24 hr. After 24 
hr, the colonies were streaked on Penassay agar plates con¬ 
taining 20/^tg/ml of tetracycline and incubated at 32 C and 
42 C. Those colonies that grew at 32 C but not at 42 C were 
selected for further testing. These presumed temperature- 
sensitive colonies were grown on PA slants. The organisms on 
these slants were washed off the slants with vial medium [l% 
peptone glycerol solution) and stored at 85 C. 
; 
CHAPTER IV 
OBSERVATIONS AND RESULTS 
Identification of Temperature-Sensitive (TS) Mutants 
Transformed colonies were picked, grown in L-broth, 
streaked on selective Penassay agar plates containing 20^og/ml 
of tetracycline and incubated at 32 and 42 C. Those colonies 
that grew at 32 C but not at 24 C were selected and assumed to 
be temperature-sensitive mutants. Examples of these mutants 
are illustrated in Figs. 1-4. A total of 209 colonies were 
picked and tested. Of this total number, only seventeen were 
observed growing at 32 C and not at 42 C in the presence of 
tetracycline. Table 1 gives a summary of the TS mutants iso¬ 
lated. 
Transformation Frequency 
In order to determine the frequency of transformation, 
approximately tO^g/ml of plasmid DNA was used in the trans¬ 
formation mixture. This mixture was plated on two types of 
plates. Penassay plates without tetracycline were nonselect- 
ive plates giving the total number of cells present in the 
transformation mixture. Plates containing 20y.cg/nil of tetra¬ 
cycline were selective for transformed cells. The frequency 
of transformation was determined by dividing the number of 
transformed cells by the total number of cells present in the 
12 
Figs. 1-2. Temperature-sensitive mutants 




Figs. 3-4. Temperature-sensitive mutants 




Table 1. Temperature-sensitive mutants of 
Col El derivative, pMB9 
Colony 







a 20 large 
128 EA° 30 small 
129 HA 30 large 
130 HA 30 medium 
132 HA 30 medium 
151 EMS
C 30 medium 
152 EMS 30 medium 
153 EMS 30 medium 
154 EMS 30 small 
158 EMS 30 small 
162 NG 20 medium 
164 NG 20 medium 
170 NG 20 medium 
171 NG 20 medium 
175 NG 20 large 
176 NG 20 large 
179 NG 20 medium 
a 
Abbreviation for N-methyl-N' -nitro-N-nitrosoguanidine 
b 
Abbreviation for hydroxylamine 
c 
Abbreviation for ethyl methane sulfonate 
16 
transformation mixture. After such an analysis vas repeat¬ 
ed three consecutive times, it vas observed that the frequency 
-6 
of transformation vas 10 
Plasmid Stability 
Six isolates vere used to determine the stability of the 
plasmid. These isolates vere grovn exponentially in the pres¬ 
ence of 2 0 g/ml of tetracycline for 210 min in L-broth. Tvo 
types of Penassay agar plates vere used. Nonselective Pen- 
assay plates containing no tetracycline vere used to determine 
the total number of cells. Selective Penassay plates contain¬ 
ing 20/.^g/ml vere used to determine those cells that vere re¬ 
sistant to tetracycline. At 30 min intervals for 210 min, 
0.05 ml aliquots vere plated on both plates and incubated for 
1+8 hr. There vas no appreciable difference betveen the total 
number of cells present and the amount of cells resistant to 
tetracycline for the time intervals these cells vere evaluated. 
Therefore , the plasmid appeared to be relatively stable for 
the time period tested. 
Grovth Characteristics fo Isolated Mutants 
All isolation procedures of TS mutants vere carried out 
in enriched media, L-broth. All TS mutants grev veil in L- 
broth in the presence and absence of 20/fH.g/ml of tetracycline 
in a 2h hr period. 
When these mutants are transferred to a minimal salts 
media supplemented with nutrients and 20^g/ml of tetracycline 
added, growth is stagnant. These same isolates grow well in 
minimal salts plus nutrients supplements in the absence of te¬ 
tracycline. We therefore concluded that perhaps the EtOH- 
distilled water preparation of our tetracycline stock may 
have been too toxic for our mutants in a minimal media. We de¬ 
cided to use a HCl-distilled water preparation of tetracycline. 
When overnight cultures of minimal salts plus HC1 prepared 
tetracycline and nutrients were transferred to fresh media, 
and grown exponentially, no growth was apparent. 
M9 media for E_. coli was then suggested (C.W. Clark, per¬ 
sonal communication). Again, mutants grew well in M9 media in 
the absence of tetracycline. The concentration of tetracy¬ 
cline was diluted from 20^tg/ml to lO^g/ml and after 48 hr, 
all TS mutants grew at 32 C and not at 4-2 C. The mutants grow 
exponentially when an overnight culture is transferred to a 
fresh M9 medium containing supplements and lO^ig/ml of tetra¬ 
cycline but growth is extremely slow with a doubling time of 
approximately 2 hr. 
CHAPTER V 
DISCUSSION 
The strain harboring the pMB9 plasmid, which carries re¬ 
sistance to tetracycline, was used in this report because this 
plasmid is a Coliçin El (Col El) derivative. When Col El or 
its derivatives are grown in the presence of chloramphenicol, 
the plasmid is amplified. The bacterial chromosome ceases to 
replicate but the plasmid continues to replicate until k-5% of 
the cellular DNA is plasmid DNA (Clewell, 1972; Clewell and 
Helinski, 1972). Amplification of the plasmid was essential 
in order to insure ample DNA for transformation. 
In this study, purified R factor DNA from the pMB9 plas¬ 
mid was mutagenized i_n vitro and transformed into an E_. coli 
strain treated with 0.1 M CaCl. The frequency of transforma- 
-6 2 
tion was approximately 10 . This frequency of transformation 
is lower than earlier experiments of Cohen et al. (1972) and 
Lederberg and Cohen (197*0 with plasmid DNA transformed at a 
-4 
frequency of about 10 
It was of interest to isolate temperature-sensitive mu¬ 
tants resistant to tetracycline that could grow at 32 C but 
not at 42 C. Two possibilities are feasible if these trans¬ 
formed tetracycline resistant mutants fail to grow at 42 C. 
These mutant cells may have lost the pMB9 plasmid due to a de¬ 
fect in replication at a higher temperature or the tetracycline 
18 
19 
gene is inactivated at the higher temperature. It was hoped 
that mutants that had a replication defect at the higher tem¬ 
perature of 1+2 C would he found. 
These mutants have teen difficult to characterize. It 
was found that the temperature-sensitive mutants isolated in 
this study occurred after 20 and 30 hr of incubation with mu¬ 
tagens. They grow in L-broth at 32 C in both preparations of 
tetracycline in the absence of tetracycline. When these mu¬ 
tants are grown in the presence of 20^/cg/ml of tetracycline in 
supplemented minimal salts, they barely grow using alcohol-dis¬ 
tilled water preparation of tetracycline but grow well in te¬ 
tracycline dissolved in 0.1 H HC1 and distilled water. The 
alcohol appears to have some toxic effect on the cells in 
broth culture. Mutants were found to grow well in supplement¬ 
ed M9 media containing 10^/cg/ml of tetracycline instead of the 
20/Z-(.g/ml that was originally used in isolating and selecting 
these mutants. This implies that the tetracycline gene may 
have been affected during mutagenesis and there must be some 
critical concentration of tetracycline wherein these mutants 
will not grow. 
The stability of the transformed plasmid was tested by 
growing six of the temperature-sensitive isolates in L-broth 
for 210 min. At 30 min intervals, these cultures were plated 
on two types of Penassay agar plates: (l) plates selective 
for transformed colonies resistant to 20/^g/ml of tetracycline, 
and (2) plates containing no tetracycline giving the total 
20 
number of cells present in the media during each 30 min inter¬ 
val. It was concluded that the plasmid remained relatively 
stable during the time intervals evaluated. 
It is assumed that these mutants contain covalently closed 
circular (CCC) DNA from the parent strain because they were 
originally selected due to their growth in the presence of 
20//4.g/ml of tetracycline. CCC DNA was difficult to isolate 
from a cesium chloride-ethidium bromide density gradient. A 
cleared lysate of the plasmid strain labeled with sufficient 
14 3 
C and H to identify both plasmid and chromosomal DNA was 
layered on a cesium chloride- ethidium bromide density gradi¬ 
ent, collected and counts recorded in a scintillation counter. 
But we could never distinguish a plasmid peak which would 
establish the presence of CCC DNA. These mutants may have 
lost their ability to maintain their multicopy plasmid ex¬ 
istence within the host cell explaining why it has heen diffi¬ 
cult to isolate the plasmid. Other explanations regarding the 
problems encountered in recovering plasmid DNA from the tem¬ 
perature-sensitive isolates are possible, however, it is diffi¬ 
cult to speculate at this time. 
CHAPTER VI 
SUMMARY 
The plasmid pMB9 is a Col El derivative which carries re¬ 
sistance to tetracycline. Seventeen mutants of this plasmid 
were isolated and characterized as being temperature-sensi¬ 
tive (TS) and resistant to tetracycline. These mutants were 
obtained through in_ vitro mutagenesis of the plasmid and trans¬ 
formation into an E. coii host. The frequency of transforma- 
-6 
tion was 10 
These TS mutants grow well in an enriched media such as 
L-broth in the presence of 206Lg/ml of" tetracycline. When 
transferred to a supplemented media such as M9, these mutants 
will only grow in lO^cg/ml of tetracycline. 
Covalently closed circular (CCC) DWA could not be isolat¬ 
ed at this time. It is difficult to speculate an explanation 
regarding the problems encountered in recovering CCC DWA. 
Further studies should be done on the peculiar nature of these 
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